Continuous treating process by iron-carbon micro-electrolytic technology treating actual dyeing wastewater was studied, performance of the micro-electrolysis reactor (MER) assembled homemade iron-carbon micro-electrolysis materials (MEM) and the process of alkaline addition, the properties of iron mud (flocculation precipitation produced from alkaline addition) were also investigated. The results shows that:(1) COD removal rate of MER was stable at around 60%, and the chroma could reached less than 40 times at stable stage of 60 days' operation; (2) According to 30 days of continuous operation test, 7.6 kg of iron mud was produced when one ton wastewater was treated in this system; it was also found that iron mud can be recycled as raw materials for the synthesis of MEM by EDS analysis; (3)Effluent reflux (reflux ratio 1~1.5) could effectively reduce the dosage of alkali in practical process.
Introduction
Dyeing wastewater has a large amount of complex components with high concentrations of organic, high-color and changing greatly characteristics, nowadays it is one of the major industrial wastewater in China [1] .
Iron-carbon micro-electrolysis technology possesses various merits such as a wide range of application, good treating effect, low cost, convenient and so on [2] [3] [4] [5] . Wide attention of researchers is paid especially because this technology can significantly improve the biodegradability of non-biodegradable wastewaters [6] . However, static beaker test was often applied in most studies of the technology and properties of MEM [7, 8] , which is intermittent test and sample capacity is very small. There is a big difference between static beaker test and industrial continuous process, in static beaker test the addition of alkali and disposal of iron mud were not involved which are very important in industrial continuous process.
Therefore, MER assembled homemade iron-carbon MEM will be applied to investigate the continuous treatment of actual dyeing wastewater, and above industrial technical difficulties (alkali adjustment, the disposal of iron mud) will be also studied in order to provide useful information for the industrial application of iron-carbon MEM technology.
Materials and methods
Home-made MEM and MER. On the basis of a series of trial and error, iron powder, charcoal and multiple catalysts, porogenic diluent, binding agent and so on mixed according to a certain proportion were contour machined, and a high temperature microporous technology was applied to activate the mixture into a kind of alloy. Specific physical properties of the home-made MEM were listed in Table 1 . MER used in this experiment with effective volume of 3.6 L, inner diameter of 100 mm and height of 460 mm was shown in Figure 1 Table 2 . Treatment processes. According to the previous study in static beaker [9] , pH of the inflow was controlled at around 3 (98% H 2 SO 4 was used for adjustment) before the aeration treatment in MER (DO at 8~11 mg/L), and the effluent pH at around 11(NaOH was used for adjustment). The qualities of supernatant were determined after stewing for 1.5 h. Flow chart of the process was shown in Figure2 (W1, wastewater after the aeration treatment in MER; W2, supernatant after flocculation precipitation by adding alkali).
Figure 2 Flow chart of continuous iron-carbon micro-electrolysis process
Analysis methods.COD was determined by 5B-3C rapid analyzer; the dilution multiple method was used to test the chromaticity(GB/T11903-1989) [10] , and SS was tested according to gravimetric method (GB/T11901-1989) [10] ; BET was determined by BET surface area analyser (SSA-4300 from Beijing BUILDER company); EDS was determined by SEM (Quanta 200 from FEI company).
Results and discussion
Influence of hydraulic retention time (HRT) of MER on the performance of actual dyeing wastewater treatment. Influence of HRT on the performance of the wastewater was shown in Figure  3 . It can be seen from Figure 3 that COD removal rate increased significantly with the extension of HRT when the HRT was between 2 and 4 h; When the HRT was about 4 h, COD removal rate maintained stably at 67%. A similar trend was also observed for chroma removal rate. When the HRT was 3 h, chroma removal rate of 76% was obtained (the chroma was reduced from 125 times to 40 times or less).
According to above study, it implied HRT should be set at more than 4 h, so that the maximum removal rate of COD and chroma can be obtained. In following study, HRT will be set at 6 h to ensure long-term treatment effect.
Treating efficiency of continuous operation. COD and chroma removal rate of the dyeing wastewater in MER from sixth to sixteenth day were shown in Figure 4 , and Figure 5 . Figure 5 Chroma removal rate during 60 days operation It can be seen from Figure 4 and 5 that during 54 days of continuous operation, although COD of the inflow fluctuated significantly, treating efficiency of MER for wastewater was stable. COD removal rate was maintained at around 60% from 6 th day to 50 th day, and chroma removal rate at around 76% (the chroma was reduced from 125 times to 40 times or less). From 51 st day to 56 th day, it was observed that removal rate of COD and chroma reduced significantly, 40% and 60% of COD and chroma removal rate were observed on the 54 th day. The Reason why is that the channels in MEM Advanced Materials Research Vols. 838-841 2397
were blocked by gathered slush for long time processing. The reactor was back flushed on 55 th day, and the removal rate of COD and chroma from 56th day to 60th day came back to normal level of 60% and 80% respectively. In general, COD and chroma removal rate of the actual wastewater in MER during the 60 days were stable at 60% and 76%, except the fluctuation of four days from 51 th to 54 th day. Influence of effluent backflow on treating efficiency when alkali was added. In the subsequent processing, 1.2~2.2 kg of alkali is supposed to be add for 1 ton W1 (costing about 3~6 RMB Yuan) which make the treating cost increase significantly. So how to reduce the dosage of alkali is a serious problem in the practical application. In addition, adding alkali leads to pH of W2 increasing to about 11, which is higher than emission standards (pH 6~9, GB8978-1996) , it means that W2 direct discharge is illegal.
In this study, W2 and W1 (pH 4.5~6.0) was mixed according to different volume ratio (0.5, 1, 1.5, 2, 2.5). The treating efficiency was shown in Figure 6 . According to Figure 6 , it was shown that when the effluent reflux ratio increased from 0.5 to 1.5, COD and chroma removal rate increased greatly. Removal rate of COD and chroma reached 63% and 76% (the chroma was reduced from 125 times to 40 times or less) when the effluent backflow ratio was 1.5. Then the removal rate of COD and chroma maintained stably.
The final pH corresponding to different reflux ratio was shown in Table 3 . It can be seen from Table 3 that the final pH increased with the rise of reflux ratio. Better treating effect could be achieved when the reflux ratio was 1~1.5, and the final effluent pH was around 7~9.
From the above research, adding alkali adjustment is not needed in flocculation precipitation and the pH of final effluent could be controlled at 7~9 by W2 circulation reflux. Analyzing the composition of iron mud. According to the determination, production of iron mud in 30 days was about 7.6 kg per one ton wastewater. It implied that not only the treating effect of home-made MEM is stable and the wastage is very low, but also the problems of compaction and blocking of traditional micro electrolysis were also effectively avoided.
The composition of iron mud was analyzed by EDS analysis. Results of iron mud were shown in Figure 7 .
2398
Civil, Structural and Environmental Engineering Figure 7 The elements composition of iron mud From Figure 7 , it was found that the mass fractions of O, C, Fe, Mg, Mn in iron mud were 40.20%, 20.71%, 13.67%, 10.08% and 4.03%, respectively. The main components of iron mud are all that of homemade MEM, so iron mud can be recycled as raw materials for the synthesis of MEM.
By this way, not only the problem of mud disposal can be effectively solved, but also the synthesis cost of MEM can be reduced.
Conclusions
The results of long term continuous MER process shows that it is a effectively method treating actual dyeing wastewater; The dosage of alkaline in flocculation precipitation was reduced effectively when W2 circulation reflux was applied and the final effluent pH was also controlled in the range of discharge standards (GB8978-1996); In addition, it was found that iron mud can be recycled as raw materials for the synthesis of MEM.
